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1 
This invention relates to a heating furnace, 
and, more particularly, to an improved furnace 
structure for heating air. 
The thermal eflïciency of heating furnaces is 
usually dependerit upon the heating surface area 
of the combustion chamber over which the air 
to be heated is passed. Conventional heating 
furnaces are generally provided with combustion 
chambers having a cylindrical shape which mnst 
be of a large size in order to provide the heating 
surface area necessary for satisfactory thermal 
eflïciency. In such furnces a reduction in size 
can only be had with a corresponding undesirable 
decrease in the thermal eflïciency of the furnace. 
Conventional furnaces of suflicient size to give 
a satisfactory thermal rating are expensive to 
build by reason of the large amount of metal 
required. Obviously, a reduction in the size of 
the furnace without sacriflcing thermal efficiency 
will result in a saving in the cost of construction 
of the furnace in addition to reducing the space 
which will be occupied thereby. 
One of the principal objects of this invention 
is to provide an improved furnace construction 
which will both reduce cost of construction and 
the size of the furnace while providing at least 
equal thermal eflïciency as compared to conven- 
tionally constructed furnaces. 
A further object of the invention is to provide 
an improved furnace structure in which the heat- 
ing area over which the air is passed is materially 
increased for a given over-all size of furnace. 
Another object of the invention is to provide a 
furnace structure in which the space required for 
combustion of fuel is decreased and which at the 
saine rime provides a maximum amount of heat- 
ing surface area. 
To the accomplishment 0f the above and re- 
lated ends of the invention, there is provided a 
furnace having a cylindrical casing in which is 
mounted an anmflar combustión chamber. The 
outer surface of the annular combustion chamber 
is spaced from the inner surface of the furnace 
casing so as to provde an annular heating sur- 
face .around the combustio n chamber and a Cylin- 
drical heating space centrally through which air 
to be heated may pass. The uel for the com- 
bustion chamber is fe.d thereto ir a tangential 
direction So that th e products of combustion Wil]_ 
more through the combustion chamber in a 
spiral path. The products of combustion leave 
the combustion chamber thr0ugh a pluraliy of 
tubes which, further increase the heating area 
and deliver the products of combustion to an 
exhast manifold whi/.ch is provded wit h  

2 
nection to a flue. Radiation members are 
mounted in the annular and central heating 
spaces and are heated by radiation from the 
annular combustion chamber. Air is passed. 
5 through the furnace casing in a direction oppo- 
site to the flow oï the products of combustion 
therethrough. This air passes over the surfaces 
of radiation members which in effect increase 
the heating surïace area of the furnace. 
10 In the drawings there are shown several em- 
bodiments of the invention. In this showing: 
Fig. 1 is a vertical sectional view of a furnace 
illustrating the preferred embodiment of the in- 
vention; 
15 Fig. . is a vertical sectional view of a modified 
form of furnace; 
Fig. 3 is an end elevation view looking from 
the right of either Figs. 1 or 2; 
Fig. 4 is a fragrnentary sectional view showing 
2(} a structure for supplying the air for combustion 
to the fuel feed pipe; and 
Fig. 5 is a fragrnentary sectionl view illustrat- 
ing an end elevation of the structure shown in 
Fig. 4. 
5 Referring to Figs. 1 and 2 of the dra¢ings, the 
numeral ! designates a cylindrical shell provid- 
ing the casing or housing, for the furnace. An 
annular flange 2 is provided at one end of the 
casing ! for connection to a flange 3 of an air 
30 supply unit 4 having a fan . and a flltering unit 
6 therein as shown in-Fig. 1. The other end. of 
the shell ! is proviied with a cylindricál collar 
7 deflning an opening 0 to the furnace. The 
collar 7 is connected to the shell. /by ar annular 
35 member 9 having the shape of a truncated cone 
which provides a surface angularly converging 
toward the opening 6 for a purpose tobe 
scribed. An annular combustion chamber  is 
mounted concentrically within the casing .  The 
40 combustion chamber ! 0. comprises an outer cylin- 
drical shelll! spaced ïrom the casing lto pro- 
vide an a_nnular, heting space 2 and an inner 
cylinirical shell 3 ieflnng.a cylindrical heat- 
ing space 4. Adjacent the oPening0, the com- 
45 bustion chamber  is closed by an annular end 
member  having a shape similar to and con- 
centric with the casing.member 9. A fuel supply 
pipe 6 extends through .the casing  and the 
outer shell ! of the combustion chamber  in 
50 a direction tangential to he combustion cham- 
ber  so that fuel, either gas or liquid fuel, will 
be delivered thereto in a tangential direction for 
a purpose tobe described. The .parts thus far 
describei are iientical in the showings of Figs. 
55 1, 2, nd 3.  
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Refeïïing now to Fig. 1, the other end of the 
combustion chambeï is closed by an annular 
plate | 7 having a plurality of openings 18 therein 
arranged in two annular paths. Each oï the 
openings has secured therein one end of a heat- 5 
ing tube |9 which has ifs other end secured in 
an opening 28 formed in an exhaust manifold 2| 
having a generally cylindrical shape. The ex- 
haust manifold 2 is mounted concentrically 
within the casing |, and has a diameter less than 10 
the outer diameter of the .combustion chamber 
l. The heating tubes |9 converge angularly 
with respect to the axis of the casing  in a direc- 
tion towaïd the exhaust manifold 2 in order 
to facilitate the passage of air over such heat- 15 
ing tubes. An annular deflecting ring 22 is se- 
cured to the casing  for deflecting air tobe 
heated toward the center of the casing and over 
the tubes 9. The ring 22 is spaced from the 
casing | to allow some air to pass thereby. Al- 20 
though Fig. î shows on!y four heating tubes in 
section., it wilI be understood that such pipes are 
distributed throughout the annular area of the 
annular plate |7. A radiation shield 23 is 
mounted concentrically in the casing ! and is 25 
spaced fïom the casing  to provide an annular 
space 24 through which the air to be heated may 
pass. The space between the ring 22 and Casing 
I allows air to pass thereby into the space 24. 
The sheld 23 is pr0vided with an annular ex- 30 
tension 25 having a shape similar to and which 
is mounted concentrically with the end casing 
member 9. The radiation shield 23 and combus- 
tion chamber 0 are together with the deflect- 
ing ring 22 mounted and ecured together in 5 
concentric relation within the casing | by a 
pluïality of spacer elements 28. 
The casing | is pïovided with an opening 27 
through which a flue (hOt shown) may be con- 
nected by a threaded couplng 28 o the interior 40 
of the exhaust chambeï 2| for carrying away 
the products of combustion from the furnaCe. 
The furnace shown in Fig. 2 differs from that 
shown in Fig. 1 in that it is provided with an - 
additional radiation shield 29 spaced inwardly 45 
from the shield 2. In addition, the heating 
tubes |9 are arranged parallel to the axis of the 
casing | in place of the angular arrangement 
shown in Fig. 1. In place of the cylindrical ex- 
haust chamber 2| there is provided an annular 5O 
exhaust chamber 0 having a substantially tri- 
angular section. 
An air control structure is mounted in the an- 
nular space 4 to control the flòw of air there- 
through. The structure 3  comprises four metal 55 
sheets or air vanes 2 connected together along 
a common line 3. The vanes 2 gre twisted 
through an angle of 90 ° so that .they will be 
effective to impm't a swirling action to the air 
passing through the cylindrical heating space 60 
|4. Due to the converging arrangement of the 
heating tubes |9 in Fig. 1, the structure | .there- 
in is of a shorter length than the structure  
shown in Fig. 2. 
A better understandng bf the invention wfll 65 
be had by referring to its operation. A com- 
bustible mixture of fuel is fed by the pipe  to 
the combustion chamber |@ in a tangential di- 
rection. The burning fuel in traveling fo the 
ourlet openings |8 wfll more in a spiral path and 70 
with a swirling action. Suitable metal alloy 
spiral baffies (hOt shown) may be employed to 
insure the swirling .action of the gases moving 
throughthe chamber |@. As the products f  
combustion move into the pipes |9 the fl0W iS 7 

streamlined and the movement of the products 
of combustion through the pipes |9 wfll be at 
an increased velocity to increase the transfer 
of heat thereto. The spiral travel of the burn- 
ing fuel through the combustion chamber | will 
maintain the burning fuel therein for a max- 
imum Iength of time and thereby enable the 
transfer of maximum heát to the inner and 
outer members 3 and ||. The streamlined 
flow and increased velocity of the products of 
combustion through the tubes |9 will effect a 
further transfer of heat to such tubes. Ehe 
products of combustion moving into the exhaust 
chamber 2| will effect the heating of this cham- 
ber and the gases passing out through the flue 
connection 28 will thus be at a relatively low 
temperatue. Ehe air to be heated is forced 
by the fart 5 in a direction from left to right 
as viewed in Figs. 1 and 2, which direction is 
opp0site to that of the flow of the products of 
combustion though the furnace. This air will 
be heated initiallY by contact with the exhaust 
manifold 2 L The air will flow around the ex- 
haust manif01d 2 and a portion thereof will be 
deflected by the inclined deflecting plate 22 to- 
ward the center of. the furnace. The air 
flected wfll pass over the tubes |9 and absorb 
heat therefrom and will then flow through the 
cylindrical heating space |4 wherein heat will 
be convected away from the cylindrical shell 
| 3 of the combustion chamber  @. The remain- 
der of the air will pass through the annular 
heating space |2 and the annular space 
This air will absorb heat from the outer she!l 
| by convection. In operation, the inner and 
outer shells  and | give up considerable 
heat by radiation. The heat radiated by the 
shell || is absorbed by the radiation shield 
and the heat radiated by the shell |3 is absorbed 
by the structure  |. The radiated heat absorbed 
by the radiation shield 23 and by the structure 
3 is then given up to the air passing over and 
contacting the surfaces of these elements. 
will thus be seen that the structure | and the 
radiation shield 23 are effective to materially 
increase the heating surface area witiin the 
furnace | |. 
As the air leaves the annular heating spaces 
2 and 24 itis deflected toward the opening 8. 
The angular arrangement of the elements 9 and 
2 is effective to so control the flow of air that 
air will be moving over and in contacting en- 
gagement with the plate |5 at all rimes. In 
this manner, the air deflected against the sur- 
face 5 is effective to prevent overheating of the 
end 5 of the combustion chamber and to pre- 
vent damage thereto by overheating. 
The operation of the furnace structure shown 
in Fig. 2 is similar to the operation of the struc- 
ture shown in Fig. 1. In the showing of Fig. 2 
the plates 23 and 29, and the structure  
sorb heat by radiation which is given up by 
convection to the air being heated. In the 
structure shown in Fig. 2 the particular shape 
of the exhaust chamber @ provides a desirable 
feature. The air coming from the fart will 
strike the pointed edge 4 of the exhaust cham- 
ber 30 and will be divided thereby into two 
portions. The central portion will flow over the 
surface 5 and will be directed by the vanes 
through the central heating space |. The 
portion of air flowing over the surface  wlll 
be conducted to the annular heating space 
and to the annular space aröund the raat0n 
shie]is  and29. A portion of the air flowlng 
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over the surface 36 will strike the inner surface 
37 of the casing I and will be deflected in a di- 
rection inwardly therefrom and over the heat- 
ing tubes 19. The annular pointed edge 34 is 
so arranged that the air delivered to the central 
heating space 14 and to the annular heating 
space 12 is proportioned to the heating surface 
areas provided in such spaces. The air delivered 
to the central heating space 14 is proportioned 
to the heating surface areas provided by the 
structure 31 and bY the inner surface 13 of the 
combustion chamber 10. The air delivered to 
the heating space 12 is proportioned to the heat- 
ing surface areas provided bY the outer shell 
Il of the combustion chamber 10 and the ra- 
diation shields 23 and 29. In ortier to increase 
the amount of air delivered to the center heating 
space 14, the exhaust chamber 35 will be formed 
fo provide an increased diameter of its apex 
or pointed edge 34. To decrease the air 
livered fo the central heating space 1.4, the 
diameter of the exhaust chamber apex 34 would 
be decreased. Changes in the diameter of the 
apex 34 will effect corresponding changes in 
inverse relation of the air delivered to the outer 
heating space 12. 
The air necessary fo support combustion of the 
fuel in the chamber 10 may be mixed with the 
fuel prior to delivery to the pipe 16. In place of 
premixing the air for combustion with the fuel, 
the structure shown in Figs. 4 and 5 may be em- 
ployed. This structure takes preheated air from 
 the annular heating space 12 and introduces it 
in the pipe 16 for movement with the fuel into 
the combustion chamber 10. Referring o Figs. 4 
= and. 5, it will be noted that the upper half of .the 
. pipe 16 which is positioned within the annular 
space 12 is removed by cutting out a section above 
the diametricai plane 40 and between the arcu- 
are lines 41 and 42. A varie 43 is connected ai 
44 to oie side of the pipe opening and extends 
upwardly into the annular space 12 between the 
members I and I I. A varie 45 is connected at 
fo the other side of he :pipe opening. Air mov- 
ing into the space between .the edges 47 and 48 
of the vanes 43 and 4 wfll thus be forced into 
 the pipe 16 where it wfll be mixed with the fuel 
16 flowing through the pipe. A damper 49 piv- 
oted on the shaft 0 is provided for controlling 
the amount of air admitted fo the pipe 16. When 
. the damper 49 is in the position shown in solid 
lines a maximum amount of air will be delivered 
to the pipe 16. When the damper 49 is in the 
position shown by the dotted lines a minimum 
amount of air wfll be admitted fo the pipe 16. 
The damper 49 and varie 43 are curved as illus- 
trated in Fig. 4. The curvature of these elements 
wfll impart a rotary movement to the air moving 
into he pipe 16 in ortier to effect a more intimate 
mixture of the air and fuel. 
" A furnace constructed in accordance with this 
invention has a further advantage in that if 
..equaily adapted for use with gaseous or liquid 
 fuels. Where liquid fuels are employed, a vapor- 
ized or atomized mixture of fuel and air is fed 
thereto through the pipe 16. 
-i ïBy' the use of a furnace constructed in accord- 
ance with the principles of this invention, if will 
,be found that the overall size of a furnace of 
given capacity may be decreased whfle providing 
 equal or better .than equai efliciency as compared 
fo conventional furnace structures. This ira- 
. provèment in thermal efliciency nd decrease in 
size ïs' effected by-'the provision of an annular 
combustion Chambef together with the manner 

 in which the fuel is fed tangentially hereto and 
the radiating structure employed.in oonnection 
therewith. As pointed out. above, it will be noted 
in particular that the radiation structure posi- 
5 tioned interiorly and exteriorly f he combustion 
 chamber is effective fo provide a considerable 
increase in area of the heating surface available. 
By reason .of these features, if will thus be seen 
that the overall- size of the furnace may be te- 
l0 duced withouta sacrifice of heating area and a 
corresponding sacrifice in .thermal efficiency. A 
furnace construced in accordance with this in- 
vention and having an outer diameter of about 
20 inches aad a length of about 36 inches be- 
l5  tween theflange 2 and the opening 0 will be found 
fo. bave an input capacity of about 200,000 
B. t. u.'s, and a thermal efliciency ai least equal to 
conventional hot air heaters. This capacity is 
approximately twice that needed by the average 
20 six room home in a cold climate. 
In the preferred practice of .the invention, the 
furnace is mounted horizontally as illustrated 
in Figs. I and 2, and the fan  is connected so as 
fo deliver air heated thereby in a direction oppo- 
2 site fo that of the flow of the products of com- 
bustion through the furnace. I-lowever, if will be 
understood that the air fo be heated may be 
forced through the furnace in an opposite direc- 
tion if so desired. If will also, be understood that 
30 the furnace may be mounted vertically or in- 
verted, and further that gravity may be employed 
fo force air therethrough. 
While I  bave illustrated and described one spe- 
ciflc embodiment of. my invention, if will be un- 
35 derstood tht this is merely by way of illustra- 
ri.on, and that various changes and modifications 
may be ruade therein within the contemplation 
of my invention and under the scope of the fol- 
lowing claires. 
40 I claim: 
1. In a heating furnace, a cylindrical casing, 
an annular combustion chamber mounted in said 
casing with ifs .outer wall spaced from said 
casing to deñne an annular heating space and 
its inner wall defining a cylindrical heating 
s..pace, an annular plate closing one end of said 
chamber, means at the other end of said chamber 
providing an exit for products ,of combustion 
comprising a second annular plate deñning the 
î0 other end of said combustion chamber and hav- 
ing a plurality of openings therein, a cylindrical 
exhaust manifold spaced from said chamber and 
mounted concentrically in said casing with its 
axis aligned with the axis of said cylindrical heat- 
66 ing space, said exhaust chamber hareng a plu- 
rality of openings therein, and a plurality of 
heating tubes connecting said exhaust chamber 
with said annular .combustion chamber, said 
tubes being mounted, in such manner that each 
of said exhaust manifold openings bas com- 
munication with said combustion chamber 
through one of said tubes and one of said an- 
nular plate openings, said tubes being mounted 
so .that they converge angularly from said sec- 
 ond annuar plate toward the axis of said mani- 
fold, means for frcing air through said casing 
in a direction ,opposite to the direction of travel 
of the products of combustion o said manifold, 
and a deflecting ring secured to said casing inter- 
70 mediate said combustion chamber and manifold 
for deflecting air tov¢ard the center of said casing 
and over said heating tubes. 
2. In a heating furnace, a cylindrical casing, an 
armular combustion chamber mounted in said 
7S csing with its outer wall spaced from said casing 



fO dène an annular heatingspace and its inner 
wall defining a cylindrical .heating space, an 
annular plate closing one end of said chamber0 
and means at the other end of said chamber 
providing an exit for products of combustion 
comprising a second annular plate deflning the 
other end of said combustion chamber and having 
a plurality of openings therein, an annular 
haust manifold mounted concentrically in said 
casing and spaced from said combustion cham- 
ber, said exhaust manifold having a plurality 
openings therein, and a plurality of heating tubes 
connecting said combustion chamber with said 
manifold, said tubes being mounted so.that each 
of said manifold openings bas communication I5 
with said combustion chamber through one of 
said tubes-and one of said annular plate openings. 
3. In a heating furnaCe, a cylindrical .casing, 
an annular combustion chamber mounted-in said 
casing with its outer wall.sPaoed-rom-said casing 20 
to define an annular heating space .and its inner 
wall defining a cylindrical heating space, an an- 
nular plate closing one end Of Said :chamber, and 
means at the other end O saidchamber providing 
an exit for products of combustion comprising a 25 
second annular .plate defining he other end of 
said combustion chmber and having a plurality 
of openings therein, an annUlar exhaust .mani- 
fold mounted concentrically in said casing and 
spaced from said 'cembustion chamber, said 
haust manifold having a plurality of .openings 
therein, and a plurality of .heating tubes connect- 
ing said combustion chamber avth .saicl mani- 
fold, said tubes being :mounted so tht each of 
said manifold openings has communication ith 
said combustion chamber through one of .said 
tubes and one of said annutar plate openings, 
and means for forcLng air through said casing 
in a direction opposite to the fiow f .the :products 
of combustion through said chamber, said annu- 
1af manifold contrblling-the portion of air .de- 
livered to said .annular heating ipace .and the 
portion.of air dèlivered to said c:lindrical heating 
space. 
4. In a -heating furnace,  Cylindrical casing, 45 
an annular combustion chamber :mountecl-in said. 
casingwith 4fs outer. a.ll spaceclfrOmsaid casing 
to define an-annular :heating -space and :its inner 
wall deflning.-a, cylindrioel :hëting -space, said 
chamber being Closed at .one end.hereof nd 
having an exhauSt at :the ther end thereof pro- 
viding an exit for produits Of ,comlustïon ;from 
said chamber, and fuel supply :means arranged 
tangentially adjacent-said closed .end for :deliver- 
ing fuel into said chamber in 
tion so that the products:ofcombution-will:moe 
in a spiral path .through said :chamber as -they 
travel toward said exhauSt, a Cylindricl radiation 
shield mounted concentrically v¢ïth respect tosaid 
casing and combustion chambêr :Ln-saidçannular ,:60 
heating space for.absorbing heat from:said outer 
wall by radiation, an air control :structure com- 
prising air vanes extending Oùtwardly-from and 
connected along an ial.line of :sid cylindrical 
 heating space for impartinga .spiraLzncvement 
the air moving ttirough :said .paCe, said vanes 
being effective to .absorb :hegt$rOm ïid inner 
wall by radiation, .and :means flot forcing air 
through said cylindrical .and. annular .heating 
Spaces to absOrb heat from .th-e :surfaces .of :said 70 
inner and outer walls,;said .air controlstructure, 
and said radiation shield. 
 5..In a heating fttrnce, a. cylindrÆcal=:¢asing, 
-Jan. annular combustïon: chambërnounted;tn:aid 
Casing Witbits outer :wall:spaced:from :said«ïsing 

-fo define an annular heating SPace and its lrmer 
wall defining a cylindrical heating space, an an- 
nular plate closing one end of said combustion 
chamber, and extending between said inner and 
5 outer walls, each segrnental portion of said plate 
being inclined angularly with respect to the axis 
of said Combustion chamber and having ifs angle 
of inclination extending in a direction converging 
from sa.id outer wall toward the end" of said cas- 
lO ing at the said one end of-said combustion chm- 
- ber, a fuel supply pipe extending tangentially into 
saîd combustion chamber at a point adjacent said 
a.rmular plate for delivering fuel in a tangential 
direction into said chamber, an annular defiect- 
ing plate secured to one end of said casing in con- 
centric relation With-and. parSllel to said first 
armular .plate, and means for forcing air through 
said-annular heating.space, said defiecting plate 
being operable to direct the stream .of air flowing 
 through said annular space.over said flrst annu- 
lar plate to prevent overheating of said first 
annular 
6. In a heRting furnace, a cylindrica casingo 
an annular combustion chamber mounted in said 
casing with its outer wall spaced from said casing 
to define an annular heating spaie and its inner 
 wall defining a cylindrical heatingspacei a fuel 
supply pipe extending through said casing, said 
annular heating space, and said outer wall into 
30 said :annulai combustion chamber, the portion of 
said .pipe positioning vthin said annular heating 
space .having a part cut out to provide an open- 
ing therein, and vanes extendingrom said open- 
ing .for defiecting air from said nnular heating 
35 space into said pipe. through said operàng to 
-provide at least a part of .the .air necessary for 
the combustion of the fuel entering said com- 
.bustion chamber. 
. In a heating furnace, a cylindrical casing, 
an annular combustion chamber mounted in said 
casing with its outer wall spaced from said casing 
to define.an annular heating space and its irmer 
wall defining a cylindrical heating space, a fuel 
supply pipe extending through said casing, said 
 nnular heating space, and said outer wall into 
saiù annular combustion chamber, the portion of 
said pipe positioning within said annular heat- 
.ing space having a part cut out to provide an 
opening therein, vanes extending from said open- 
.ing for .defiecting air from said annular heating 
spaceïnto said.pipe through said opening to pro- 
-vide  at least a part of the air necessary for the 
combustion of the fuel entering said combustion 
chambei, and a damper adjacent said vanes or 
controlling the amount of air defiected by said 
vanes into said-pipe. 
8. In a .heating furnace, a cylindrical casing, 
: anannular combustion- chamber mounted in said 
casing with its outer .wäll spaced from said casing 
to define an annular heating space and its inner 
wall .defining a cylindrical heating space, an an- 
:nulax :plate closingone end of said chamber, and 
means at the other end of said shamber provid- 
ing an exit for products of combustion compris- 
ing a second annular plate defiriing the other 
end of said combustion chamber and having a 
 plurality of openings therein, an-exhaust mani- 
fold spaced from said chamber-and mounted 
 concentrically in-said casing with:its axis aligned 
with the axis of said cylindrical .heating spaceo 
said exhaust manifold having a plurality of open- 
.ings ,therein, and a plurality of-heating tubes 
 connecting s aid*exhaust manifold with said :an- 
 nular combustion chamber, said tubes being 
mounted in such .manner thRt each of.:said ex- 
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haust manifold openings, has communication 
with said combustion chamber t, hrough one of 
said tubes and one of said annular plate open- 
ings, a cylindrical radiation shield mounted con- 
centrically with respect to said casing and com- 
bustion chamber in said annular heating space 
for absorbing heat from said outer wall by radia- 
tion, an air control structure comprising air 
vanes extending outwardly from and connected 
along an axial line of said cylindrical heating 
space for imparting a spiral movement fo the 
air moving through said space, said vanes being 
effective to absorb heat from said inner wall by 
radiation, and means for forcing air tobe heated 
through said casing in a direction opposite tot, he 
flow of the products of combustion to said 
haust manifold to absorb heat from t, he exposed 
surfaces of said exhaust manifold, heating tubes, 
t, he inner and outer walls of said combustion 
chamber, radiation shield, and air control struc- 
ture. 
9. In a heating furnace, a cylindrical casing, 
an annular combustion chamber mounted in said 
casing with ifs outer wall spaced from said casing 
fo define an annular heating space and its inner 
wall defining a cylindrical heating space, said 
chamber being closed atone end thereof and 
having an exhaust at the other end t, hereof pro- 
viding an exit for products of combustion ïrom 
said chamber, and fuel supply means arranged 

10 
tangentially adjacent said closed end for deliver- 
ing fuel into said chamber in a tangential direc- 
tion so that the products of combustion will more 
in a spiral path through said chamber as they 
5 travel toward said exhaust, an air control struc- 
ture comprising air vanes extending outwardly 
ïrom and connected along an axial line of said 
cylindrical heating space for imparting a spiral 
movement fo the air moving through said space, 
10 said vanes being effective to absorb heat from 
said inner wall by radiation, and means ïor ïorc- 
ing air through said cylindrical and annular 
heating spaces to absorb heat from he surïaces 
oï said inner and outer walls, and said air con- 
15 trol structure. 
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